The current study compares the emulsifying properties of Persian gum (PG) and gum Arabic (GA) in emulsions. The effects of concentration (0.5-3% w/v PG, 2.5-15% w/v PG), pH (2-7), ionic strength [NaCl, CaCl 2 (0-300 mM)], and temperature (40-90°C) were investigated. The surface-volume mean diameter (D 32 ) of the emulsions showed that the minimum values were 9.89 ± 0.68 and 4.52 ± 0.03 µm for emulsions containing 1.5% w/v PG and 15% w/v GA, respectively. In addition, the zeta potential of PG and GA emulsion changed from −23.5 to −39.5 and −30.5 to −46.0 mV, respectively. The interfacial tensions of PG and GA emulsions were varied in the ranges of 34.0-15.0 and 29.0-9.0 mN/m, respectively. Changes in the D 32 value of GA emulsions showed were not significantly different (p > 0.05) with respect to the effects of pH, NaCl, CaCl 2, and temperature. The NaCl concentration had no significant effect on D 32 ; but its value decreased from 13.11 to 5.70 µm as the CaCl 2 concentration increased. The interfacial tension of PG significantly increased with decreasing pH 7-2 and increasing 0-300 mM salts. After heating (25-90°C), the D 32 values of PG and GA emulsions changed to 11.04-14.54 and 4.21-4.21 μm, respectively. The results of this study can be useful for the application of PG as an emulsifier in beverage emulsions.
Introduction
The food industry is one of the industries that use emulsions and emulsifiers. [1] Many hydrocolloids or polysaccharides can be used as a stabilizer in oil-in-water emulsions; whereas only a few of them are emulsifiers. In fact, the emulsification performance of hydrocolloids depends on its interfacial activity that leads to the formation and stabilization of oil droplets in emulsions. [2, 3] Nowadays, hydrocolloids are employed as thickeners, viscosity builders, and foaming and gelling agents in the food technology due to their hydrophilic nature and high molecular weight. Therefore, the rheological properties of emulsions and their long-term stability are influenced by these biomolecules. [4] Among hydrocolloids, gum Arabic (GA), Tragacanth, Karaya, and Ghatti are isolated from plant exudates which have been used for thousands of years in the food and pharmaceutical products. [5] GA, also known as Acacia gum (Acacia senegal and Acacia seyal), due to its excellent emulsifying properties is widely used as an emulsifier in emulsions. It is commonly used in beverage's emulsions containing small amounts of oil. [6] GA is expensive to be used in practice, because a rather high gum/oil ratio (~1:1) is required in order to produce fine stable emulsion droplets (D 43 ≪1 µm). [2] Due to the large amount of GA application and the relatively high cost, many scientists are trying to replace GA with other biopolymers.
PG is obtained from Amygdalus Scoparia spach tree exudate and also is known as Zedo, Shirazi, Farsi, and Angum gum. Depending on the amount of impurities, this gum exists in yellow, orange, and red colors. PG is an anionic and acidic hydrocolloid (e.g., the pH of 0.5 w/v % PG dispersion is 5.60 ± 0.05) having water soluble and insoluble parts. [7] [8] [9] It is consumed as a functional ingredient for nutritional and pharmaceutical purposes: appetite stimulant, crushing bladder stones, and so on. In recent years, several studies on physicochemical, rheological properties, emulsification, and also application of PG in probiotic yoghurt production and milk-orange juice mixture has been published. [8] [9] [10] [11] [12] [13] [14] We investigated the electrostatic complexion of β-lactoglobulin and PG in solution and oil-in-water emulsion systems. [9] Also, the emulsifying properties of PG and β-lactoglobulin conjugates through the Maillard-type reaction and wet heating were improved. [8, 15] Jafari et al. [14] reported that increasing the GA level leads to a decrease in emulsion droplet size, while increasing the PG content results in bigger droplet sizes (no significant differences). In addition, droplet size distribution of PG-emulsified droplets at 2% PG and 5% d-limonene levels, had the lowest D 32 , D 43 , and the high specific surface area. Recently, Mirmajidi Hashtjin and Abbasi [16] have reported that the soluble fraction of Persian and tregacanth gums (in combination) along with an emulsifier (Tween 80) could be used in the formation of nanoemulsions. In addition, the electrostatic interaction between water-soluble and water-insoluble fractions of Persian gum and milk proteins (β-lactoglobulin and whey protein isolate) were studied recently by several authors. [17] [18] [19] [20] [21] Generally, food emulsions may encounter with a variety of environmental conditions (pH, ionic strength, heat treatment, and so on) during their processing, storage, transportation, and consumption. So, it is important for technologists to understand the impact of these factors on emulsion stability (ES). To our knowledge, the influence of environmental conditions on the emulsifying properties of PG has not yet been studied. Therefore, the objective of this study was to investigate the influence of gum concentration, pH, ionic strength (NaCl and CaCl 2 ), and heat treatment on the droplet size distribution of PG and GA emulsions.
Materials and methods

Preparation of the PG powder
The PG sample was collected from the trunks and branches of Amygdalus scoparia Spach trees in Chenar-e Naz, Yazd province, Iran (August 2012). PG was manually sorted and lighter color samples were chosen to be ground with a hammer mill and were sieved (˂250 μm). PG powders were dissolved in deionized water (23°C ± 1°C) with gentle stirring (IKA® RH basic 2, Germany) for at least 2 h and then PG solution was stored 48 h at 4°C for complete hydration. The PG solution was then filtered through a filter cloth for removing impurities. Then, the filtrate was freeze dried at −40°C for 24 h (Dena Vacuum, Iran). The freeze dried powder was kept at 4°C until the experiments were performed. [8, 9] The GA was purchased from Daejung (Shiheung, South Korea). Soya oil was purchased from the local supermarket in Isfahan, Iran. Other reagents used were of analytical grade. The chemical compositions of PG and GA were measured using Official Methods of Analysis (AOAC). [22] The moisture content was determined by oven drying at 105°C ± 1°C for 5 h. The protein content was determined by the Kejeldahl method (Velp, UDK 132, Italy) with a conversion factor of 6.25. Fat was measured by the Soxhlet extraction method using petroleum ether as solvent. To determine the total ash, samples were heated in electric ovens (at 550°C for 5 h). After calculating the total ash, it was used to analyze minerals (Na + , K + , Mg
2+
, and Ca
). The residue from the ash content was dissolved in 12N HCl. Then, heated on a boiling water bath and filtrated with a Whatman filter (50 μm) after diluting with deionized water. The resulting extract was analyzed using a Perkin-Elmer® Optima TM 7300DV ICP-OES instrument (Shelton, CT, USA) for the determination of the mineral content. The total carbohydrate percentage was calculated from the difference between all the previous factors from 100%. All experiments for chemical composition of PG and GA were performed in triplicate.
Preparation of PG and GA solutions PG and GA solutions were prepared by moderately adding the gum powders in deionized water under constantly stirring with a magnetic bar (IKA® RH basic 2, Germany) for at least 2 h at room temperature (20°C ± 2°C). Then, the stock solutions were stored for at least 18 h at 4°C for complete hydration.
Emulsion, preparation, and effect of environmental conditions
Gum solutions were prepared with 0.5%, 1%, 1.5%, 2%, 2.5%, and 3% w/v PG and 2.5%, 5%, 7.5%, 10%, 12.5%, and 15% w/v GA. About 40 ml gum solution and 10 ml soya oil were homogenized using an Ultra-Turrax homogenizer (T18, IKA, Germany) at 15000 rpm for 2 min. After choosing the gum concentration with the least droplet size, the effect of other parameters [NaCl and CaCl 2 (0, 50, 100, 150, 200, and 300 mM)], pH (2, 3, 4, 5, 6 and 7) and heat treatment (40°C, 50°C, 60°C, 70°C, 80°C, and 90°C)] on the droplet size of emulsions were separately investigated. All environmental conditions (pH, NaCl, and CaCl 2 ) were adjusted before homogenizing using HCl and NaOH 1 N and precise amounts of salts. For salt and thermal stability of emulsions, the pH of each gum solutions was adjusted to 4.50 ± 0.05. For the uniformity of gum solutions, samples were mixed using a magnetic bar for 30 min. In order to evaluate the effect of heat treatment, emulsions were kept at a special temperature for 30 min in a water bath and then cooled to 20°C ± 2°C.
Emulsion activity (EA) and emulsion stability (ES)
For the determination of EA, emulsions were centrifuged at 1300 g for 5 min. Then, EA was calculated using the following equation:
EA; ES and CI % ð Þ ¼ Height of emulsion phase after centrifugation=or storage Total height of emulsion Â 100
The ES was determined by heating the prepared emulsions at 80°C for 30 min in a water bath and then kept in an ice bath for 15 min, followed by centrifuging at 1300 g for 5 min. ES was calculated according to the above equation. [23] For a creaming index (CI), the emulsions were stored in a refrigerator (4°C) for two weeks and CI was assessed using the former equation. [24] Apparent viscosity measurement of emulsions A Brookfield viscometer (Brookfield RV, DVII, USA) equipped with a small sample adaptor (spindle no. 21) was applied to measure the apparent viscosity of emulsions at 25°C. For temperature adjustment, a water bath and a water circulation pump were used. Readings were taken at various rotational speeds.
Droplet size distribution of emulsions
The particle size was analyzed using static light scattering (Horiba, LA-930, Japan). The refractive indices of soya oil and water were 1.520 and 1.330, respectively. To avoid flocculation, the emulsions were diluted with 0.1% w/v SDS solution (1:100) prior to injection. Then, they were shacked to ensure the homogeneity. Dilute emulsions were added to unit cells until the transmittance reached between 60% and 70% of the water blank.
Zeta-potential measurements
The electrical charge (ζ-potential) of PG-and GA-stabilized emulsions were determined by an instrument equipped with electrophoresis and phase analysis light-scattering (PALS) measurements (Zetasizer ZEN3600, Malvern Instruments, Malvern, UK) and the reproducibility was verified by performing 10 repetitions. Emulsions were diluted to 1:100 with deionized water before analysis. These tests were conducted in duplicate.
Interfacial tension measurements
The effect of gum concentration on the interfacial tension was measured by Wilhelmy's plate method. The interfacial tensions between gum solutions and soya oil were measured using an automatic thermostated digital tensiometer (Data physics, DCAT 11, Germany) at 25°C. The gum solution was carefully covered by the oil phase and left 3 min later. The force needed to pull the Wilhelmy plate from one phase to another is equal to the interfacial tension. All tests were performed in duplicate.
Microstructure of emulsions
One droplet of PG and GA emulsions was placed with a sampler between a microscopic slide and a cover slip and then photographed. In order to capture microstructures of the emulsions, an optical microscope (Nikon ECLIPSE E600) equipped with a digital camera was used.
Statistical analysis
Statistical analysis of the dada was carried out using the ANOVA procedure. In addition, least significant difference (LSD) values were computed with significance defined at p < 0.05. All data analysis was carried out using statistical program SAS (SAS Institute, 2003, version 9.1). All charts were drawn using Microsoft office Excel 2010. Table 1 demonstrates the chemical compositions of the PG and GA powders used in this study. The protein and ash values of GA were significantly (p ˂ 0.05) higher than that of PG. Elemental analysis of gum showed that GA had significantly higher calcium, potassium, and sodium contents than PG; but magnesium is not different (p ˃ 0.05). The protein and ash values of PG in this study were higher than the reported values for Zedo gum with different colors (protein = 0.1971-0.2141% and ash = 1.3624-1.6750%). [7] Calcium and potassium of PG were lower than Zedo gum, but magnesium and sodium were higher than the values reported by Fadavi et al. [25] The quantities of the measured minerals in this study are as follows: calcium˃magnesium˃sodium˃potassium. The protein and ash values of GA were lower and higher, respectively, than the reported values for gum Arabic. In the case of elemental, only Magnesium values of gum Arabic were higher in the previous study.
Results and discussion
Chemical composition
PG had 87.17% carbohydrate content that is not significant (p ˃ 0.05) compared to GA (86.44%). The amount of the total carbohydrate of other gum exudate e.g., Prunus Cerasus (71.51%), Prunus cerasoides (73.72%), and Prunus armeniaca (66.89%) was lower than PG. [26] [27] [28] However, Prunus dulis (92.36%) gum exudates and Prunus amygdalus gum (98.4%) had a high carbohydrate content compared to PG. [29, 30] Milani et al. [31] and Yebeyen et al. [5] reported 85.4% and 85.7% total carbohydrate for anghouzeh gum and Acacia gum exudate, respectively, that are approximately similar to carbohydrate values of PG and GA. The high carbohydrate content showed that the purity of the PG and GA was relatively high and consisting mostly of saccharides. It has also been reported that PG is an arabinogalactan polysaccharide. [11] This different chemical composition of hydrocolloids may be related to the gum source, the growth conditions and age of trees, different purification methods, and time of exudation. [27] The FTIR spectrum of PG showed that all typical bonds and peaks are characteristics of polysaccharides. For example, the results revealed the presence of carboxylic groups in the PG structure (data not provided). It could be concluded that PG is a biopolymer containing protein which was also confirmed by chemical analysis. The FTIR spectrum of PG previously discussed. [11] 
ES of emulsions
It is possible to accelerate the coalescence phenomenon using centrifugation. Nevertheless, as chemical and biological changes may occur in the long-term storage, it cannot be a good test for indication of the ES during long time of storage. However, it is widely used for evaluating the ES to coalescence because of being fast and easy. [32] Based on Fig. 1 , the EA, ES, and CI of PG emulsions increased significantly (p < 0.05) with an increase in the PG concentration probably due to an increase in the viscosity and a decrease in the velocity of droplet movements. Although, Huang et al. [33] demonstrated that the viscosity of the hydrocolloid emulsion was not the only factor affecting ES. The EA, ES, and CI values of PG emulsions show that PG0.5% and PG1% were significantly lower than those of the other PG emulsions. In terms of GA, a considerable effect (p > 0.05) was not observed in EA, ES, and CI of GA emulsions, due to the lower viscosity of GA solutions with increasing GA concentration. As can be seen in Fig. 1 , ES is less than EA for all emulsions especially the ones with PG emulsions because the emulsions were held at high temperature (80°C, 15 min) for the stability test and the protective film around droplets might be destroyed, so the stability of emulsions was decreased. In fact, EA and ES tests showed that the surface activity is not the only factor determining the emulsion properties where polysaccharide is involved. The main contribution of polysaccharides to an emulsion is via water-holding and thickening properties. Similar results were observed by Wu et al. [34] for the emulsifying properties of four commercial galactomannans (Fenugreek gum, Guar gum, Tara gum, and Locust Bean gum) and Mahfoudhi et al. [30] for gum exudates from the trunk of the almond tree (Prunus dulcis).
CI is known to be related to the extent of the droplet aggregation in an emulsion. The CI values of the emulsions during two-week storage at 4°C revealed that PG emulsions at a concentration more than 1.5% w/v were completely (100%) stable and no creaming was observed. While GA even at the highest content (15% w/v) showed serum separation (Fig. 1) . Therefore, PG emulsions were more stable compared to GA emulsions in terms of ES. Similar results were observed by Jafari et al. [13] A high PG concentration would be increasing the viscosity of the intervening continuous liquid phase which restricts droplet movement preventing the approach and slows down the fluid draining between two droplets at the time of collision preventing re-coalescence.
Apparent viscosity of emulsion
The rheological properties of emulsions are important factors for considering the ES during storage because high viscosity conditions usually inhibit the coalescence of oil droplets. The apparent viscosity as a function of the shear rate is shown in Fig. 2 . The hydrocolloid concentration had a direct positive effect on the apparent viscosity of emulsions. By increasing the PG and GA content, the apparent viscosity of all emulsions increased but these values for PG (2≥PG concentration) were higher than those of GA in all the studied range of shear rates. Compared to the reports on the Newtonian flow behavior of GA emulsions up to 7.5% concentration, PG showed a shear thinning behavior even at a concentration as low as 1% (W/W). These approved results were in agreement with the observations reported by Fadavi et al. [11] In addition, Jafari et al. [13] reported that PG emulsions had a higher apparent viscosity than their GA emulsion counterparts.
The apparent viscosity of the PG emulsions decreased with increasing shear rate and was found to exhibit a clearly pseudoplastic (shear-thinning) behavior. This pseudoplastic behavior is related to the breakage of droplet-droplet linkages that reached the Newtonian profile at higher shear rates. The hydrocolloid concentration dependency of the apparent viscosity of emulsions has been previously reported by some authors. [35, 36] While GA did not have a significant impact on the apparent viscosity. For example, the 15% w/v GA emulsion had the same apparent viscosity as the 2% w/v PG emulsion (Fig. 2) .
Effect of environmental conditions on droplet size, zeta potential, and interfacial tension emulsions
Effect of gum concentration
In general, it is important that emulsion droplets are made as small as possible to minimize the gravity creaming effect. [2] Therefore, the aim of the initial studies on the emulsifying properties of gums was to find the relative efficiency of PG and GA in forming the emulsions during homogenization. In fact, we aimed to determine the minimum droplet size that could be produced by previous emulsifiers. Finally, we want to determine the minimum emulsifier content needed to attain a small droplet size. The effect of the gum concentration on the droplet size of PG and GA emulsions under the same homogenization conditions was evaluated which is shown in Fig. 3 . Figure 3 shows cumulative droplet size distributions of PG and GA emulsions (at various concentrations). In fact, the droplet size of emulsions where the cumulative distribution is 50% is known as the median droplet size (D 0.5 ); therefore 50% of the droplets have a diameter less than that value. According to Fig. 3 , the cumulative droplet size distribution curve shifts to left (smaller droplet size) with an increase in the GA content. For better illustration of this trend, the larger image of 50% cumulative frequency area was shown in front of Fig. 3. In addition, Fig. 4 -A shows that the surface-volume mean diameter (D 32 ) decreased significantly when the GA concentration increased (p < 0.05). Also, median (D 0.5 ) values were decreased significantly (p > 0.05). Therefore, as can be seen in Figs. 3 and 4 , the GA emulsion containing 15% w/v gum had the least droplet size. It is reported in a previous study on the emulsifying properties of GA that 14% of GA is sufficient for covering the total area of the interfacial region of a 20% oil-in-water emulsion. [37] The droplet size distribution of PG emulsions with an increase in the PG concentration was assessed. Due to its higher viscosity enhancing PG, the effect of gum concentration on the droplet size of emulsions was evaluated in the range of 0.5-3% w/v PG concentration. As can be seen in Fig. 3 , the cumulative droplet size distribution curve of PG emulsions shift to the left (smaller particle size) with an increase in the PG content from 0.5% to 1.5% w/v concentration. PG emulsions with more than 1.5% w/v PG had a bigger droplet size. Figure 4 -A shows that the D 32 value decreased significantly (p < 0.05) with an increase in PG concentration (0.5-1.5% w/v) from 10.86 ± 0.13 to 9.89 ± 0.68 µm. Afterward, D 32 of the PG emulsions increased significantly upon increasing the PG content from 1.5% to 3% w/v concentration. In addition, emulsion with 1.5% w/v PG concentration (p < 0.05) had the least D 0.5 value (4.88 ± 0.03 µm) significantly. According to Fig. 3 , the curve of the PG emulsions appear as an S-shaped curve from 1.5% to 3% w/v PG concentration, and inclined toward the larger droplets.
Typically, the dependence of the mean droplet size after homogenization on the initial emulsifier concentration can be divided into two regions: region I -the droplet size progressively decreases with increasing emulsifier concentration, because there is insufficient emulsifier present to cover all the newly created droplet surfaces; region II -the droplet size remains fairly constant, because the emulsifiers are more than enough to cover all of the droplets formed. In region I, the droplet diameter is limited by the total amount of emulsifier available to cover the oil-water interface formed, but in region II, the droplet diameter is limited by the maximum disruptive forces generated by the homogenizer. [38] Jafari et al. [14] reported that volume mean droplet size of 5% d-limonenestabilized emulsion of PG increased by increasing the gum concentration in the range of 1-5% (D 43 = 4.242-8.191 μm). In addition, Shao et al. [39] reported that the mean droplet size of emulsions decreased until the Ulva faciata polysaccharide reached 3%, and after that resulted in a slight increase of the average droplet size of 4% polysaccharide. The droplet size distribution of PG-and GA-stabilized emulsions show that GA is more effective than PG in making small oil droplets, which is in agreement with the faster kinetics of adsorption onto the oil droplets. The better capacity of GA may be due to its properties such as the number of hydrophilic and hydrophobic groups on the biopolymer chain (the different contents of arabinogalactan-proteins), molecular weight, and rate of absorption, conformational balance, and higher surface concentration. [14] Moreover, the higher viscosity of the continuous phase can decrease the homogenization efficiency. [1] However, the velocity of layer formation around an oil droplet is less at low emulsifier concentration, thus causing serious progress. Jafari et al. [14] reported that the interesting result of higher PG contents (3% w/v) was that "over-processing" during emulsification was higher compared to a lower concentration (1.5% w/v) of PG. The interfacial activity of biopolymers is mainly controlled by the accessibility of the protein moiety of the interface and the net surface charge of adsorbing molecules. High-pressure homogenization treatment can be used for breaking some molecular association and making a higher proteinaceous fraction available to better emulsification properties. [40] It is noteworthy that droplet size distributions (volume percentage) of emulsions in all GA concentration were mono-peaked, while PG emulsions with more than 1.5% were bimodal (Fig. 5) . Previously, bimodal distribution of PG emulsions was mentioned by Jafari et al. [14] for d-limonene-stabilized emulsions (1-5% PG and 5-10% d-limonene). This trend in the cumulative droplet size distribution curve of the PG emulsion is shown in Fig. 3 . Bimodal distributions was observed by Huang et al. [33] for hydrocolloids such as xanthan and by Osano et al. [41] for a new polysaccharide from basil seed (Ocimum bacilicum L.) at above 0.3% w/v gum concentration.
In general, hydrocolloids decrease the interfacial tension between oil and water phases and facilitate emulsion formation. The interfacial tensions of PG and GA solutions were influenced by the hydrocolloid concentrations. Based on Fig. 4 -B, an increase in the concentration of both the hydrocolloids resulted in a significant decrease in the interfacial tension values. The interfacial tension values of PG and GA solutions were varied in the ranges of 34-15 and 29-9 mN/m, respectively. Both hydrocolloids had a protein part in their structure that is adsorbed into the oil-in-water interface and reduces the interfacial tension between two immiscible phases, thereby simplifying the disruption of emulsion droplets during the homogenization process. Osano et al. [41] , Vasile et al., [42] and Shao et al. [39] found the ability of Basil seed gum, Prosopis alba, to exudate gum, and that of Ulva faciata polysaccharide in reducing the interfacial tension, respectively. The interfacial tension of PG solutions slightly increased at 3% concentration, possibly related to the interfacial activity measurement which became a problem due to viscosity effects, because it is very hard to pull the Du Nouy ring through the viscose PG solution. Huang et al. [33] reported that hydrocolloids such as xanthan and carrageenan dramatically increased their interfacial tension at higher concentration. The better hydrocolloid behavior in the stabilization of emulsions could be attributed to the negative charges in its molecular structure, mainly due to the presence of a high fraction of hydroxyl and carboxyl radicals. The combination of a high molecular weight, with an appropriate carbohydrate/ protein ratio and predominantly negative charge, could be critical for improving the stability of disperse systems like emulsions. [42] The role of electrostatic interactions in stabilizing the emulsions was examined by measuring the electrical charge of the droplets. The zeta potential values of the emulsions immediately after preparation are shown in Fig. 4-C. The results showed that PG-and GAstabilized emulsions exhibited a very similar behavior in terms of variation in zeta-potential as a function of concentration. As shown in Fig. 4-C, zeta potential values of the PG-stabilized emulsions varied from −23.50 to −39.50 mV and were dependent on the PG concentration (0.5-3 w/v %). However, the zeta potential of GA emulsions was significantly lower than the ones obtained for PG (−30.50 to −46.00 mV for 2.5-15 w/v % GA-stabilized emulsions). The increase in the gum concentration leads to the increase in the negative surface charge of emulsion droplets and, consequently, negatively charged zeta potential which stabilizes the emulsion system. The lower negative charge of the PG molecules may be related to their uronic acid content. The zeta potential values for both PG and GA in all studied concentrations are below −30 mV (except 0.5% PG), which is the value that is usually indicated as the limit for significant droplet stabilization by electrostatic repulsion. [43] Similar to most gum exudate, the natural pH of the PG solution is acidic. The pH values of 0.5-3 w/v % PG dispersions changed in the range of 5.60-4.56, but in the case of GA, 2.5-15 w/v % dispersions were present at pH = 5.45-4.38. Based on Figs. 3 and 4-A-C, PG and GA had their best emulsifying performance at 1.5% and 15% w/v, respectively, and were selected for next steps.
Effect of pH
For showing the effect of pH on the droplet size of emulsions, the pH of gum solutions was adjusted before homogenization and was considered as the pH of the emulsion, because adding oil did not change the pH. Based on Fig. 6 , the droplet size of GA emulsions at pH = 2-7 was significantly constant (p > 0.05), which is in agreement with the current research studies on the pH stability of biopolymer-based oil-in-water emulsions. [38, 44] Nevertheless, there was a significant effect (p < 0.05) on the droplet size at pH = 2, which is due to the lesser negative charge on the oil droplets stabilized with GA. With a decrease in pH to pK a GA, some carboxyl groups lost their negative charge, which is the reason why the ES decreased. Moreover, a decrease in the emulsifying capacity is due to the increase in the needed amount of biopolymer on the oil droplet surface that has been reported previously (the amount of GA needed for oil droplet coverage went higher upon reducing the pH to lower than neutral pH). [45] It is clear in Fig. 6 that the influence of pH on the droplet size of PG emulsions is quite different. The D 32 value was dependent on pH, and this value was significantly increased at pH = 2 (p < 0.05). The mean droplet size of emulsions showed that PG was able to create stable emulsions at pH = 3-7. So, it is possible to use PG as an emulsifier in food systems at acidic pH. At pH = 2, the mean droplet size increased, which was possibly related to the reduction of the electrostatic repulsion between oil droplets. In fact, a possible explanation for the pH stability of biopolymer emulsions is that oil droplets are coated with thick hydrophilic biopolymer layers, and that they are stable due to conformational repulsions rather than electrostatic ones. A thick layer of biopolymers could decrease the van der Waals attractive force between oil droplets. In addition, it is steric hindrance rather than electrostatic repulsion that is the main stabilizing mechanism independent of pH for gum. [14] Abdolmaleki et al. [35] similarly reported the instability for sunflower oil-in-water emulsions prepared with tragacanth at pH = 4. Hosseini-Parvar et al. [3] showed that the Basil seed gum-stabilized emulsions were more sensitive to low pHs (≤6.0), than to the alkaline conditions (pH>7.0).
The dependence of the interfacial tension on pH is shown in Fig. 6 . The results showed that the interfacial tension of the PG emulsion significantly increased with a decrease in pH to 2, but interfacial tension changes for GA emulsions were not significant (p˂0.05). Therefore, the pH of the emulsion has a slight effect on the interfacial properties of PG and AG. Abdolmaleki et al. [35] reported that the interfacial tension of an emulsion prepared with tragacanth gum was increased at acidic pH. [35] The effect of pH on the zeta potential of oil-in-water emulsions stabilized by PG and GA is presented in Fig. 6 . The zeta potential values of the PG and GA emulsions decreased in the range of −37.75 to −32.00 mV and −47.50 to −43 mV, with pH decreasing from 7 to 2, respectively. This change was only significant for PG emulsions at 0.05. As the decrease in pH will lead to a decrease in electrostatic repulsion, it results in the reduction of zeta potential. In addition, this reduction may be related to the shielding of negative charges of PG and GA by positive charges of medium to acidic pH. It should be noted that the zeta potential of PG and GA remained negative in all ranges of pH values, possibly because of the negatively charged (COO -) groups on the acidic polysaccharide. The results above are in agreement with the previous observation by Abdolmaleki et al. [2016, 35] Interestingly, the GA had a much higher negative charge than the PG at all pH values, which may be related to the higher charge density of the GA molecules compared to PG. This phenomenon is very important for the interactions of biopolymer-coated oil droplets with other charged groups, such as metal ions that promote lipid oxidation. [38] Effect of NaCl The determination of the salt concentration effect on the emulsifying properties of hydrocolloids is necessary. The stability of the hydrocolloid to salinity suggested that it is a good candidate for use in some industries that involve salt. This feature would be of great interest in food production that produces a large amount of salted food. According to Fig. 7 , a slight variation occurred in the droplet size of GA and PG emulsions with an increase in NaCl. Changes in the mean droplet size of GA emulsions were slightly increased at 0-50 mM NaCl concentrations, and were thereafter constant (no significant differences at p > 0.05) until 150 mM. Afterward, the GA emulsion with 200 and 300 mM NaCl had the highest D 32 significantly, but the NaCl concentration had no significant differences (p < 0.05) on the droplet size of the PG emulsions only at 300 mM. At high salt concentration, an increase in droplet size may be related to the charge density of gum and salting out effects. Qian et al. [38] found a small change in the droplet size of emulsions stabilized by GA, along with increasing ionic strength for NaCl (0-500 mM). NaCl sensitivity has been reported in Basil seed gum-stabilized emulsions by Hosseini-Parvar et al. [3] , and sugar beet pectin (SBP)-stabilized emulsions by Nakauma et al. [45] The dependence of interfacial tension of PG-and GA-stabilized emulsions on NaCl concentration is shown in Fig. 7 . The results showed that the interfacial tension increased significantly (p < 0.05) with an increase in the NaCl concentration, and that PG emulsions had higher values at all concentrations. Interestingly, the interfacial tension of PG emulsions at 200 mM NaCl was lower than that of GA emulsions. Therefore, salting of emulsions has a strong effect on the interfacial properties of PG and GA. Abdolmaleki et al. [35] reported that the interfacial tension of emulsions prepared with tragacanth increased at high salt concentration.
The effect of NaCl concentration on the zeta potential of emulsions stabilized by PG and GA is presented in Fig. 7 . The zeta potential values decreased with an increase in NaCl concentration. The zeta potential values of PG and GA emulsions decreased significantly (p˂0.05) in the ranges of −38.50 to −30.75 mV and −43.00 to −39.00 mV, along with the 0-300 mM increase in NaCl, respectively. These results are in agreement with previous reports by Abdolmaleki et al. [35] for emulsions stabilized by gum tragacanth. There was little change in the zeta potential of the PG-and GA-stabilized emulsions with an increase in NaCl concentration (0-200 mM), which may be related to charge compensation effects such as a change in the interfacial structure or composition with an increase in ionic strength.
Effect of CaCl 2
Generally, the addition of CaCl 2 usually decreases the electrostatic repulsions between oil droplets and causes instability of emulsions. Therefore, emulsions are unstable at high concentrations of CaCl 2 . As shown in Fig. 6 , CaCl 2 had no significant effect (p > 0.05) on the mean droplet size of GA emulsions. These results are similar to previous studies. [44, 45] Whereas the D 32 values of PG decreased significantly (p < 0.05) as the CaCl 2 concentration increased (0-300 mM) from 13.11 ± 0.79 to 5.70 ± 0.04 µm, which is a very striking trend. One of the reasons for the improvement of the emulsion properties of PG at a high CaCl 2 concentration could be related to the increase in the chain flexibility of biopolymers and their smoother movement within the interfacial area. When CaCl 2 was increased to 200-300 mM, monomodal distribution was obtained and the mean droplet size decreased. Although the droplet size of PG emulsions was decreased with an increase in CaCl 2 concentration, it cannot be expected to have long-term stability during storage considering its minimum droplet size. The dependence of the interfacial tension of PG-and GA-stabilized emulsions on CaCl 2 concentration is shown in Fig. 8 . The interfacial tension of GA emulsions increased significantly (p < 0.05) with an increase in the CaCl 2 concentration to 100 mM and then decreased (100-200 mM), so finally it is increased at 300 mM CaCl 2 concentration again. The interfacial tension of PG was significant at 0-300 mM CaCl 2 concentration. PG emulsions had lower interfacial tension values in 0-100 mM concentration than the AG emulsion. Interestingly, the interfacial tension of PG emulsions at 150-300 mM CaCl 2 was higher than the AG emulsion. Therefore, the salt of systems has a strong effect on the interfacial properties of PG and AG.
Our results also showed that CaCl 2 had a significant effect on the zeta potential of emulsions stabilized with PG and GA. When the CaCl 2 concentration was increased from 0 to 300 mM, there was a dramatic decrease in the negative value of the zeta potential on PG-and GA-stabilized droplets (Fig. 8) , which could have occurred as a result of two different phenomena: electrostatic screening and ion binding. The zeta potential on the emulsion droplets would contribute to electrostatic repulsion, but the magnitude would not be large enough on its own to stabilize emulsions. These results suggest that steric repulsion is a more significant stabilizing force in PG-stabilized emulsions than electrostatic repulsion. The above results revealed that the effect of the two salts (NaCl and CaCl 2 ) on the PG emulsion is different together and also showed different behaviors on D 32 of PG emulsions.
Effect of temperature
Most of the food emulsions are exposed to heat treatment during production processing (e.g., sterilization, pasteurization, or cooking). In this study, the temperature had no significant effect (p > 0.05) on the GA emulsions, which is due to the formation of a protective film around oil droplets (Fig. 9 ). In the case of the PG emulsion, the temperature caused no significant changes (p < 0.05) to the droplet size of the emulsions only at 90°C. After heat treatments ranging from 25°C to 90°C, the mean droplet sizes of PG and GA emulsions changed from 11.04 ± 0.01 to 14.54 ± 0.09 and from 4.21 ± 0.04 to 4.21 ± 0.11 μm, respectively. This can be related to the fact that hydrocolloid-stabilized emulsions are not unfolded to expose non-polar groups at higher temperatures.
Therefore, mechanisms of instability (flocculation, coalescence, and Ostwald ripening) had a low impact on the size of oil droplets of GA-and PG-stabilized emulsions. Furthermore, the emulsions stabilized with hydrocolloids were not affected by denaturation at high temperatures; in fact, heating favors hydrophobic interactions, which can lead to droplet aggregation. [1] These results are similar to previous studies. [44] Also, Qian et al. [38] reported that orange oil-in-water emulsions were relatively stable to droplet aggregation and creaming after heat treatment (30-90°C). Hosseini-Parvar et al. (2016) observed the largest droplet size in the heated Basil seed gum emulsions, which may be related to the droplet coalescence and irreversible flocculation induced by heating. [3] Microstructure of emulsions Figure 10 shows microscopic observations of PG-and GA-stabilized emulsions. The microstructure of the droplet emulsions was produced at different concentrations, pHs, and salt contents, which indicated that images are in agreement with droplet size analysis. Based on the microscopic observations, PG was able to promote relatively larger droplet sizes at higher concentration compared to GA. As can be shown in Fig. 10-1-3 , the droplet size of the GA emulsion decreased with an Figure 10. Microstructures of fresh PG and GA emulsions. GA2.5%; GA7.5%; GA15%; PG0.5%; PG1.5%; PG3%; GA15%-pH = 2; GA15%-300 mM NaCl; GA15%-300 mM CaCl 2 PG1.5%-pH = 2; PG1.5%-300 mM NaCl; PG1.5%-300 mM CaCl. Scale bar = 10 µm.
increase in gum concentration. But, for PG emulsions, oil droplets increased at higher PG concentration. In the case of pH, NaCl and CaCl 2 , microscopic observations demonstrated that 
Conclusion
The present study compared the emulsifying properties of PG and GA hydrocolloids by evaluating the emulsion stabilizing properties in terms of droplet size distribution, zeta potential, interfacial tension, viscosity, microscopic observation, and centrifugation technique. The emulsifying properties were studied as a function of concentration, pH, ionic strength (NaCl and CaCl 2 ), and heat treatment. The stabilized emulsions with a small mean droplet size required 1.5% w/v PG concentration that is 10-fold lower than GA concentration. However, the final mean diameters of 15% w/v GA and 1.5% w/v PGstabilized emulsions were 4.52 ± 0.03 and 9.89 ± 0.68 μm, respectively. Droplet size distributions of emulsions stabilized with PG remained approximately constant over the temperature range, the pH values, and the NaCl and CaCl 2 concentrations studied, confirmed by droplet size analysis, zeta potential, and interfacial tension properties. Moreover, heat treatment had no significant effect on the droplet size distribution of the PG emulsion. In terms of the apparent viscosity, PG solutions had a much higher viscosity than GA. According to the above results, PG can be introduced as a food emulsifier with potential application in emulsion systems with acidic pH, high salt content, and thermal processing. Also, it can be suggested as an emulsifying and/or stabilizing agent, both alone and combined with GA in emulsion systems with low viscosity. The mixture of PG and GA with an optimum ratio can be a good emulsifying agent that further researches to illustrate that its functionalities are needed.
